Malignant spreading involves the migration of cancer cells amongst other native cell types. 12 For example, in vivo melanoma invasion involves individual melanoma cells migrating through 13 native skin, which is composed of several distinct subpopulations of cells. Here, we aim to 14 quantify how interactions between melanoma and fibroblast cells affect the collective 15 spreading of a heterogeneous population of these cells in vitro. We perform a suite of circular 16 barrier assays that includes: (i) monoculture assays with fibroblast cells; (ii) monoculture 17 assays with SK-MEL-28 melanoma cells; and (iii) a series of co-culture assays initiated with 18 three different ratios of SK-MEL-28 melanoma cells and fibroblast cells. Using 19 immunostaining, detailed cell density histograms are constructed to illustrate how the two 20 subpopulations of cells are spatially arranged within the spreading heterogeneous population.
we investigate whether the solution of an appropriate mathematical model describing the co- 85 culture experiments, parameterised using data from the monoculture experiments, is able to 86 predict the patterns of spreading in a suite of co-culture experiments where both cell types are 87 present in varying ratios. The procedure that we describe can be used to quantify the extent to 88 which the interactions between the two cell types affect the co-culture experiments. 89 In summary, we present a method that can be used to identify potential interactions between 90 two different cell types. In particular, we focus on interactions between primary fibroblast cells 91 and SK-MEL-28 melanoma cells. Our hypothesis is that the rates at which these cells 92 proliferate and migrate might be different when the cells are cultured in isolation to when the medium. The culture plates are incubated at 37°C, 5% CO2 and 95% air for t=0, 24 and 48 158 hours. Each assay is performed in triplicates. Each assay is also repeated using primary 159 fibroblast cells from three separate human donors. One way of providing further information about cancer progression is to interpret experimental 187 observations using a mathematical model (Byrne, 2010) . To quantify the role of various 188 mechanisms acting in the monoculture and co-culture experiments we will use a continuum The system of PDEs, given by Eq. (1)-(2), corresponds to a coarse-grained description of the 253 cell-to-cell crowding effects that are explicitly described in the discrete random walk model.
254
For example, the nonlinear diffusion terms in Eq. (1)-(2) correspond to hard-core exclusion in 255 the motility mechanism of the discrete model. Similarly, the nonlinear source terms in Eq. (1)-
256
(2) correspond to the proliferation mechanism of the discrete model. We first investigate the spatial expansion of the cell populations over time. Results in Fig. 1 (a)-
263
(i) show the spreading populations from t=0 until t=48 hours. To quantify the spatial spreading, 264 we calculate the diameter of each spreading population at t=0, 24 and 48 hours. To achieve this where we see that there is an increase in the diameter with time in all cases. However, we 272 observe that the rate of increase in the diameter in some experiments is different. For example, To extend our initial investigation about the spatial expansion of the cell populations, we 284 quantify the spatial distribution of primary fibroblast cells and SK-MEL-28 melanoma cells 285 throughout the spreading populations. To achieve this we must distinguish the primary 286 fibroblast cells from the SK-MEL-28 melanoma cells within these heterogeneous populations.
287
The metastatic melanoma cell line, SK-MEL-28 can be reliably and exclusively identified 288 using the S100 marker (Haridas et al., 2016). However, it is challenging to identify primary 289 fibroblast cells in a heterogeneous population because many because fibroblast markers, like we observe an increasing proportion of S100 positive cells in co-culture 2 ( Fig. 2 (i)-(l)), 309 compared to co-culture 1 (Fig. 2 (e)-(h)). Now that we have presented, and discussed, the cell density histograms for the monoculture 376 and co-culture experiments, we will further explore the similarities and differences between 377 the experiments by calibrating a mathematical model to these data. Combining our 378 experimental results with a mathematical model will allow us to explore, in more detail, the 379 question of whether the primary fibroblast cells and/or the SK-MEL-28 melanoma cells behave 380 differently when grown in monoculture or in co-culture conditions. 
spatially uniform in both the fibroblast monoculture and the melanoma monoculture ( Fig. 4) . 396 This region approximately corresponds to the middle third of the spreading population, and 397 hence this region is well away from the leading edge of the spreading populations. Since, /hour. Here we use the overbar notation to indicate the least-squares experiments are prepared using the same procedure, we prefer not to offer an interpretation of 472 this dip because it could be due to a statistical fluctuation rather than some underlying 473 mechanism. is most sensitive at the low-density leading edge of the population, as depicted in Fig. 6(a) .
484
Results in Fig. 6(b) compare the experimental density profile for co-culture 3 at 48 = t hours 485 with the standard choice of parameters from Fig 5, showing that the solution of the 486 mathematical model for ) , ( t r S matches the experimental data quite well at the leading edge 487 of the spreading population. We also show results where SK D is increased by a factor of 5, 488 where we see that the solution of the mathematical model predicts that the population spreads 489 notably further than observed in the experiments. Similarly, we also show equivalent results
490
where SK D is increased by a factor of 20 and the differences are even more pronounced. provide additional information about this apparent lack of interaction, we also calibrate a 527 mathematical model to our experimental data. Our approach is to compare the spatial spreading of two different cell types in both monoculture x ‫³-01‬
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